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Abstract:	Micro‐machining	 has	 become	 a	 fast	 growing	 field	 in	 the	 global	 manufacturing	 sector	 due	 to	 increasing	
demand	of	miniature	machines	and	devices.	The	trend	involves	the	fabrication	of	precision	miniature	parts	that	have	
widespread	applications	in	many	areas	such	as,	electronics,	biomedical,	aerospace,	robotics,	automobiles	and	consumer	





including	miniature	 gears.	 This	 article	 reports	 on	 the	 fabrication	 of	 stainless	 steel	 miniature	 gears	 by	 laser	 beam	
machining	(LBM)	process.	A	total	of	twenty	experiments	have	been	conducted	following	one	factor	at	a	time	design	of	
experiment	 strategy	on	CO2	 laser	machine.	 	The	 fabricated	gears	have	9	mm	pitch	diameter,	 10	 teeth,	 and	4.5	mm	
thickness.	The	effects	of	laser	machining	parameters	on	surface	roughness	(mainly	average	roughness	‘Ra’	and	mean	
roughness	depth	‘Rz’)	of	gears	have	been	analysed.	The	best	quality	miniature	gear	fabricated	by	LBM	possesses	1.04	
















(LBM)	 is	 a	 nonconventional	machining	 process	where	 high‐energy	 concentrated	 light	 beam	 is	 utilized	 to	melt	 and	
vaporize	the	workpiece	material	which	is	further	removed	from	the	machining	zone	by	the	pressure	of	an	assist	gas	[1].	
LBM	process	employs	photo‐thermal	energy	 in	 the	machining	process	eliminating	any	mechanical	 contact	with	 the	
workpiece.	 This	 represent	 a	 great	 advantages	 of	 the	 process	 as	 there	 is	 no	 tool	 involved,	 hence	 no	 tool	 wear.		
Furthermore,	LBM	process	is	applicable	to	a	wide	range	of	engineering	materials,	for	macro,	micro	and	nano‐machining	
processes,	producing	simple	to	complex	shapes	with	great	accuracy	and	good	machined	surface	quality.		
The	mechanism	 of	 an	 LBM	 process,	 depending	 on	 the	 application	 and	 type	 of	 material	 to	 be	 processed,	 can	 be	 a	
controlled	fracture	mechanism	mostly	applicable	for	brittle	materials	(ceramics),	a	melting	and	blow	type	of	process,	
or	 a	 process	where	 the	material	 removal	 is	 done	 by	 evaporation	 (sublimation)	 [1].	 	 For	metallic	 and	 non‐metallic	
materials	the	suitable	mechanism	is	melting	and	blow	that	based	on	the	type	of	the	assisted	gas	can	be	a	reactive	process	
or	a	 fusion	process.	 In	 the	 reactive	process	 the	assist	 gas	used	 is	oxygen	 that	 reacts	with	 the	material	 constituents	
resulting	in	an	exothermic	energy	as	an	addition	to	the	laser	energy,	whereas	the	fusion	process	deals	only	with	the	
laser	 energy	 as	 the	 assist	 gas	 used,	 usually	 nitrogen,	 is	 an	 inert	 gas.	Major	 LBM	 applications	 are:	 cutting,	 drilling,	
marking,	welding,	sintering	and	heat	treatment	process.	Laser	cutting	is	the	largest	application	of	laser	processes	in	
metal	working,	for	which	CO2	laser	machine	with	high	and	NdYAG	laser	machine	with	short	wavelengths	are	used	[2].	
As	 the	 cutting	with	 laser	 presents	 evident	 advantages,	 the	 process	 is	 continuously	 being	 explored	 for	 a	 thorough	
understanding	of	 the	 interaction	of	 its	parameters	and	the	effect	of	 these	parameters	on	the	cut	quality	 in	 terms	of	
surface	roughness,	kerf	width,	heat	affected	zone	[3‐8],	dimensional	accuracy	[9]	and	surface	topography	[10].	The	laser	
cutting	 parameters	 most	 often	 investigated	 are:	 laser	 power,	 cutting	 speed,	 and	 gas	 pressure	 [11].	 Additional	
parameters	considered	are:	focal	position,	nozzle	diameter,	and	laser	pulse	frequency	[12].	
Miniature	 gears	 are	 key	 components	 used	 in	miniaturized	 systems	 such	 as	miniature	 pumps	 and	motors,	medical	
equipment,	scientific	instruments,	time	measuring	devices,	etc.	These	gears	are	fine‐pitched,	running	at	very	high	speed	
and	are	made	of	aluminum,	brass,	bronze,	stainless	steel	and	plastic.	Their	purpose	is	mainly	for	motion	transfer	and	























































Parameter	 Level	1	 Level	2	 Level	3	 Level	4	 Level	5	
Laser	power	[W]	 1600	 1800	 2000	 2200	 2400	
Cutting	speed	[m/min]	 0.550 0.650 0.750 0.850	 0.950	
Focal	position	[mm]	 ‐3.5	 ‐2.5	 ‐1.5	 ‐0.5	 +0.5	










14].	 Table	 3	 presents	 the	 values	 of	 average	 roughness	 and	 mean	 roughness	 depth	 corresponding	 to	 all	 twenty	






















2	 1800	 	 1.078	 6.801	
3	 2000	 	 2.308	 8.735	
4	 2200	 1.056	 6.014	






7	 0.65	 	 1.06	 8.358	
	8	 0.75	 	 2.308	 									8.8735	
9	 0.85	 	 1.879	 12.582	






12	 ‐2.5	 	 1.603	 8.673	
13		 ‐1.5	 	 2.308	 8.735	
14	 ‐0.5	 1.058	 8.039	




17	 13	 	 2.484	 14.798	
18		 15	 	 2.308	 8.735	
19	 17	 	 1.392	 7.395	
















and	8.358	respectively	at	a	cutting	speed	of	0.65m/min.	The	results	 shows	an	 increase	 in	surface	roughness	as	 the	
cutting	speed	increases	above	the	0.65	m/min.	Cutting	speed	have	to	be	properly	matched	with	the	thickness	of	the	
material	to	be	cut	as	the	thicker	the	material,	the	slower	the	cutting	speed	would	be.		
























































Laser	 cutting	 is	 a	 thermal	 process	 that	 affects	 the	microstructure	 of	 the	 region	 near	 the	 cut	 surface	 resulting	 in	 a	











Load		[gf]	 Minimum	 Maximum	 Average	HV	 Standard	deviation	
50	 221.68	 229.02 226.18	 3.21	
100	 186.97	 190.63	 188.8	 1.5	
200	 166.20	 170.92	 168.04	 2.07	
	
The	 hardness	 values	 shows	 a	 dependence	 on	 the	 applied	 indentation	 load,	 as	 the	 load	 is	 increased,	 the	 HV	 value	
decreases	 as	 shown	 in	Figure	7.	That	 is	 expected	at	 low‐load	Vickers	microindentation	However,	 the	 low	 standard	
deviation	values	indicate	a	very	small	variation	in	the	microhardness	for	the	same	load.	That	shows	that	the	in	bulk	of	
the	material	the	increased	hardness	is	almost	constant	suggesting	the	absence	of	HAZ.	The	results	confirm	that	laser	
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